While it is a well-established finding that subject's own names (SON) or familiar voices are salient 32 during wakefulness, we here investigated processing of environmental stimuli during sleep including deep 33 N3 and REM sleep. Besides the effects of sleep depth we investigated how sleep-specific EEG patterns 34 (i.e. sleep spindles and slow oscillations [SOs]) relate to stimulus processing. Using 256-channel EEG we 35 studied processing of auditory stimuli by means of event-related oscillatory responses (de-/ 36 synchronisation, ERD/ERS) and potentials (ERPs) in N = 17 healthy sleepers. We varied stimulus 37 salience by manipulating subjective (SON vs. unfamiliar name) and paralinguistic emotional relevance
4 the other hand, are defined as large delta waves with a first negative going wave that is followed by a 
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While it is well-established that the brain is not completely shut off from the environment during 81 sleep but continues to process external stimuli (e.g. Bastuji & García-Larrea, 1999; Blume et al., 2016;  82 Perrin et al., 1999; Strauss et al., 2015) , studies also suggest that sleep-specific oscillatory patterns, that is 83 sleep spindles as well as SOs, can significantly alter stimulus processing. Generally, it has been suggested 84 that during spindles the thalamus acts as a sensory filter inhibiting sensory transmission to the forebrain 85 (Steriade, 1991) . The negative or positive going slope of SOs on the other hand has been associated with 86 changes in the probability of synaptic release at the cortical level, which could affect stimulus processing 87 (Massimini & Amzica, 2001) . In a combined EEG and functional magnetic resonance imaging (fMRI) 88 study Schabus et al. (2012) found that responses to simple tones during NREM sleep were comparable to 89 responses during wakefulness except for when tones were presented during a spindle or the negative 90 going slope of a slow oscillation thereby also confirming previous findings (Dang-Vu et al., 2011; see De 91 Gennaro & Ferrara, 2003 for an overview; Massimini et al., 2003) . Likewise, in a study that looked at 92 event-related potentials (ERPs) Elton et al. (1997) suggested that sleep spindles inhibit processing of 93 auditory stimuli and Cote et al. (2000) additionally found the effect of sleep spindles on processing to be 94 modulated by stimulus intensity. Specifically, they report that spindles co-occurring with more intense 95 (i.e. louder) stimuli seemed to inhibit processing to a greater extent than was the case with less intense 96 stimuli. Regarding slow oscillatory activity on the other hand, a pioneering study by Oswald et al. (1960) 97 already showed that SONs evoke more K-complexes (KCs) than do unfamiliar names. Beyond this, 98 5 Massimini et al. (2003) showed that evoked somatosensory EEG potentials were strongly modified not 99 only by the presence but also by the phase of the slow oscillation. In summary, these findings strongly 100 suggest that sleep spindles and slow oscillatory activity systematically alter stimulus processing during 101 NREM sleep in a dynamic manner.
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The aim of the present study was to investigate processing of more complex auditory stimuli (as 103 compared to simple tones) in relation to (i) 'enduring' as well as (ii) 'transient' states of the brain.
104
Complex stimuli were first names that varied in salience on two dimensions, namely subjective relevance 105 (SONs vs. UNs) and familiarity or paralinguistic aspects of emotional relevance. Specifically, stimuli 106 were uttered by a familiar voice (FV) vs. a stranger's voice (unfamiliar voice [UFV]). Regarding the first 107 aim, we studied stimulus processing during all 'enduring brain states' across the vigilance continuum (i.e. 108 during wakefulness, N1, N2, N3 and REM sleep) irrespective of the 'transient state'. Regarding 109 'transient' brain states, we investigated between-stimulus differences in oscillatory activity when (i) a 110 spindle was present during stimulus presentation, when a stimulus was presented during the (ii) positive 111 slope of a SO, (iii) during the negative slope and when (iv) stimulus presentation evoked a SO. Processing 112 was studied by comparing oscillatory brain responses evoked by stimulus presentation in each of these 113 cases, that is event-related synchronisation (ERS) and desynchronisation (ERD) in the delta (1-3 Hz), 114 theta (4-7 Hz), alpha (8-12 Hz) and sigma (11-15 Hz) frequency range. Functionally, delta ERS has 115 repeatedly been linked to attentional processes and the detection of salient or motivationally relevant 116 stimuli (for reviews see Knyazev, 2007; Knyazev, 2012) while theta ERS has been suggested to indicate 117 the encoding of new information as well as working and episodic memory involvement (for a review see 118 Klimesch, 1999; Klimesch et al., 2005) . Alpha ERD on the other hand is thought to reflect task demands, 119 attentional processes and memory retrieval processes (for a review see Klimesch, 1999; Klimesch et al., 120 1998). Importantly, all these interpretations have been established during wakefulness and it is likely that 121 their functional roles are different during sleep. In a previous publication, we suggested that delta and 122 6 theta ERS during sleep may mirror an inhibitory sleep-protecting response following initial processing of 123 salient stimuli as has been suggested for sigma ERS (Blume et al., 2016) .
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We hypothesised that oscillatory responses would mirror salience of SONs as well as FV stimuli 125 (compared to UNs and UFV) during wakefulness. Moreover, we expected responsiveness to stimuli to 126 vary with the 'enduring brain state', that is a decrease in responsiveness from wakefulness to N3 sleep.
127
Regarding the 'transient brain state' we expected that when stimulus-presentation co-occurs with sleep 128 spindles and slow oscillations the differential brain response elicited by stimulus salience would vanish.
129
This should specifically be the case when stimulus onset coincided with the negative slope of the slow 130 oscillation or stimulus presentation largely overlapped with a sleep spindle. 
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We recruited 20 healthy individuals for the study. Three participants were excluded from the data 135 analysis, one dropped out after the adaptation night and two had to be excluded due to technical problems 136 during the acquisition. The remaining sample comprised 17 participants (three males) and had a median pass filtered at 0.5 Hz. Subsequently, eye movement artefacts were corrected using independent 191 9 component analysis (ICA), data were segmented into 4s epochs (symmetrically to stimulus onset) and bad 192 intervals were removed manually during visual data inspection. In the next step, the number of electrodes 193 was further reduced to a final number of 173 electrodes now excluding electrodes that had initially been 194 kept for the identification of eye and muscular artefacts. Bad channels identified during visual data 195 inspection were interpolated and data were re-referenced to average reference. Subsequently, we 196 randomly selected the same number of trials for each stimulus to account for imbalances in the stimulus 197 set (only one SON, but two UNs were presented). We then applied a Morlet wavelet transformation 198 (cycles = 3, 1-16 Hz, 1 Hz frequency steps) to each of the segments, which was followed by a baseline 199 correction (baseline interval: -600 to 0ms relative to stimulus onset) and averaging across trials. For more 200 details on data processing please see supplementary material. essentially the same as for the wakefulness data; but we refrained from an automatic eye movement 210 correction in order to not remove REMs. Beyond investigating processing of different stimuli across 211 'enduring brain states', that is in each sleep stage, we also investigated stimulus processing with regard to 212 'transient brain states', that is sleep spindles and SOs. To this end, we compared evoked oscillatory 213 responses elicited by different stimuli when a spindle was present during stimulus onset (i.e. spindle 214 offset min. 200ms after stimulus onset) or when there was a substantial overlap between a spindle and 215 10 half of the stimulus on average, cf. Suppl. Fig.1, A) . Moreover, we were interested in stimulus-specific 217 differences in the evoked slow oscillatory responses ("SO evoked"). More precisely, a SO was defined as 218 "evoked" when the negative peak occurred between 300 and 600ms after stimulus onset (cf. Suppl. Fig.1 , 219 B1), that is the time range when the negative components of evoked K-complexes (i.e. N350 and N550) 220 have been found to occur (Cote et al., 1999) . Beyond this, we compared stimulus processing when 221 stimulus onset was during the positive going slope of a SO (cf. Suppl. Fig.1, B2 ) to when stimulus onset 222 coincided with the down-state (cf. Suppl. Fig.1, B3 ). For more details on data collection and analysis 223 please refer to the supplementary material. slope" contrasts we calculated averaged values for FV/UVF for each condition, which we then compared.
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Please note that for these comparisons we randomly selected a subset of trials so each participant 244 contributed the same number of trials to each of the two conditions to be compared (i.e. for example the 245 same number of "spindle" vs. "no spindle" trials). For all permutation tests the critical p-value for the T-246 statistic for dependent samples was set to 0.05 and 1000 randomisations were used. Spatial clusters were 247 formed only if electrodes had a minimum of two neighbouring electrodes that were also significant. We 
260
Analyses in the delta band (1-3 Hz) yielded a significant effect of name (see Fig. 2A and Suppl. 261 Fig. 6 ). Specifically, analyses revealed that SONs led to stronger ERS at 2 Hz in a frontocentral and a 262 parieto-occipital clusters (Monte Carlo p = .01 and Monte Carlo p = .02, respectively). This effect was 263 also visible in the ERP with SONs giving rise to a stronger P3 component than UNs (see Fig. 2B ). Analyses of data from all 17 participants in the delta range yielded a significant effect of voice (p 322 < .001) with a cluster covering the whole scalp. Specifically, UFV stimuli elicited stronger delta ERS than 323 FV stimuli for all frequencies between 1 and 3 Hz. The (fronto-central) topography was comparable to the 324 N1 effect of voice in the delta range (see Fig. 3A, 2B and Suppl. Fig. 7 A and B) . Analyses did not yield 325 an effect of name or a name × voice interaction (Monte Carlo ps > .18 and no clusters, respectively). In Fig. 10B ) with UFV stimuli eliciting stronger delta ERS than FV stimuli. Post hoc analyses 380 indicated that in the delta range stimulus presentation did not elicit more ERS in the S-compared to the 381 S+ condition (Monte Carlo ps > .11). In the S-condition there was also a significant effect of name in the 382 delta range (Monte Carlo p = .024, 1-3 Hz) with unfamiliar names (UNs) eliciting stronger ERS than the 383 participant's own name (SON). There were no further effects in the delta range in either condition (S+: 
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In the theta to sigma range (4-15 Hz) there were also significant effects of voice in both the "spindle" and 
